Abstract-Blood pressure as a risk factor for development of end-stage renal disease has not been fully studied, particularly in women. We studied the development of end-stage renal disease from 1983 through 2000 in 98 759 subjects, 46 881 men and 51 878 women, 20 to 98 years of age, who were screened in 1983 in Okinawa, Japan. Data for all dialysis patients registered from 1983 to 2000 in Okinawa were used to identify the screened subjects in whom end-stage renal disease developed. In follow-up, 400 subjects, 231 men and 169 women, had end-stage renal disease. Age, body mass index, and adjusted relative risk for systolic and diastolic blood pressure for both men and women were measured. When these results were compared with an optimal blood pressure, the relative risk of development of end-stage renal disease for those with high-normal blood pressure and hypertension were significant in both men and women. Hypertension is a significant risk factor for development of end-stage renal disease not only in men but also in women. Control of blood pressure within normal levels should be stressed as a strategy to prevent end-stage renal disease in both men and women. Key Words: blood pressure Ⅲ epidemiology Ⅲ kidney failure Ⅲ risk factors Ⅲ women T he number of new dialysis patients is increasing annually, and the reasons for this increase are not clear. The prevalence of dialysis patients was 1752 per million persons in Okinawa, Japan. 1 Higher blood pressure was a significant predictor of end-stage renal disease (ESRD) in hypertensive men. 2 In men screened for the Multiple Risk Factor Intervention Trial, high-normal and high blood pressure were judged to be strong independent risk factors for ESRD. 3 However, these data concerned men only 2,3 or were not stratified by gender. 4 We previously reported from the 10-year follow-up of a screened cohort in Okinawa that high diastolic blood pressure (DBP) was a significant predictor of ESRD but that systolic blood pressure (SBP) was not. 4 In the current study, we extended the follow-up period in our cohort by 6 years and prospectively studied the development of ESRD in 46 876 men and 51 878 women screened by the Okinawa General Health Maintenance Association in 1983; we also examined the effect of blood pressure on the risk of development of ESRD in women.
T he number of new dialysis patients is increasing annually, and the reasons for this increase are not clear. The prevalence of dialysis patients was 1752 per million persons in Okinawa, Japan. 1 Higher blood pressure was a significant predictor of end-stage renal disease (ESRD) in hypertensive men. 2 In men screened for the Multiple Risk Factor Intervention Trial, high-normal and high blood pressure were judged to be strong independent risk factors for ESRD. 3 However, these data concerned men only 2,3 or were not stratified by gender. 4 We previously reported from the 10-year follow-up of a screened cohort in Okinawa that high diastolic blood pressure (DBP) was a significant predictor of ESRD but that systolic blood pressure (SBP) was not. 4 In the current study, we extended the follow-up period in our cohort by 6 years and prospectively studied the development of ESRD in 46 876 men and 51 878 women screened by the Okinawa General Health Maintenance Association in 1983; we also examined the effect of blood pressure on the risk of development of ESRD in women.
Methods

Study Design
All individuals who were from 20 to 98 years of age and who participated in the 1983 mass health screening examination in Okinawa, Japan, were eligible for the study. Dialysis patients who had been among the 1983 mass screening participants and who became dialysis patients from 1983 to 2000 were identified through the Okinawa Dialysis Study (OKIDS) registry. 1 Furthermore, patient identification was verified by reviewing the medical records of the dialysis unit. The cumulative incidence of ESRD and the relative risk (RR) of developing ESRD according to blood pressure levels taken from the mass screening registry were determined.
Mass Screening Registry
The large community-based health examination program is performed annually by the Okinawa General Health Maintenance Association, under the direction of Drs K. Kinjo and Y. Ikemiya. Each program participant is interviewed regarding his or her health status and given a physical examination, urinalysis, and blood tests. All blood pressure measurements were done with a mercury sphygmomanometer by a trained nurse or doctor while the patient was seated. One reading was taken and used in our analysis. Phases I and V Korotkoff sounds were used to determine SBP and DBP, respectively.
The computer database includes data acquired from April 1, 1983, through March 31, 1984. The database includes the participant's name, birth date, sex, zip code, employment group code, residential code, and the results of clinical and laboratory tests. The 107 192 participants were made up of 51 122 men and 56 070 women. According to the 1980 census, the total population of Okinawa older than 15 years of age was 781 166 (377 479 men and 403 687 women). Therefore, the estimated proportion of the adult population older than 20 years of age in 1983 who participated in the mass screening was Ϸ13.7% (13.6% in men and 13.9% in women). Of all the screened subjects, information about screening blood pressure or body mass index (BMI: body weight/height 2 , kg/m 2 ) was available from 46 881 men and 51 818 women. Detailed data form the mass screening registry have been published elsewhere. 5 
Dialysis Registry
Since 1971, all patients receiving chronic dialysis, living on Okinawa, have been registered in an independent program 1 the OKIDS registry. Characteristics and other epidemiological features of the patients enrolled in this registry were reported previously. 1, 6, 7 Patients with intermittent or continuous ambulatory peritoneal dialysis were also included in the registry. The medical records of the dialysis patients who participated in the 1983 screening were reviewed with the complete cooperation and collaboration of the staff from the dialysis units of the OKIDS registry.
Statistical Analysis
Data are expressed as mean ϮSD. A probability value Ͻ0.05 was considered to be significant. The relation of blood pressure to ESRD was investigated with logistic regression analysis using StatView 5.0 (SAS Institute). Models were adjusted for age (years) and BMI (kg/m 2 ). Blood pressure was categorized according to criteria for adults 20 years of age and older from the classification of blood pressure in the Japanese Society of Hypertension Guidelines (JSH 2000), 8 which is substantially similar to the sixth report of the Joint National Committee (JNC VI) 9 and the 1999 WHO-ISH classification. 10 The effect of SBP on the development of ESRD, as compared with that of DBP, was evaluated. Dipstick measurement of proteinuria at the initial screening in 1983 enabled us to analyze the relation of blood pressure to the incidence of ESRD while taking into account renal injury at baseline. Proteinuria was defined as 1ϩ or more by dipstick test.
Results
The baseline characteristics of subjects in the study are shown in Table 1 . Blood pressure categories and baseline characteristics of the subjects are shown in Table 2 . During follow-up, ESRD developed in 231 men and 169 women (400 subjects). The 400 dialysis patients who participated in the 1983 screening were younger and had a higher percentage of glomerulonephritis than did the 4610 patients registered in the OKIDS registry from 1983 through 2000 (Table 3 ). The leading cause of ESRD in the 400 dialysis patients was chronic glomerulonephritis, followed by diabetes mellitus and nephrosclerosis. Cumulative incidence of ESRD during follow-up according to blood pressure categories is shown in Figure 1 . Rates for development of ESRD increased as the severity of the rise in blood pressure increased from optimal to severe.
There was a significant positive association between SBP and DBP and the risk of development of ESRD in men and women: the RR) for SBP (10 mm Hg) was 1. 
Blood Pressure Categories and Risk of ESRD
The estimated RR (adjusted for age and BMI at baseline) of ESRD according to the 6 blood pressure categories in men and women is shown in Figure 2 . Compared with an optimal blood pressure, level the risk of development of ESRD in subjects increased with each of the 5 successively more severe categories of blood pressure. After adjusting for blood pressure, the risk of development of ESRD was positively associated with BMI in men (RRϭ1.06; 95% CIϭ1.02 to 1.10) but not in women (RRϭ1.00; 95% CIϭ0.96 to 1.05).
Proteinuria was present in 5.7% of men and in 5.1% of women. After adjusting for presence of proteinuria in addition to age and BMI, there was a significant positive association between the risk of development of ESRD and SBP and DBP in men and women: RR for SBP (10 mm Hg) was 1.22 (95% CIϭ1.14 to 1.30, PϽ0.0001) in men and 1.02 (95% CIϭ1.01 to 1.03, PϽ0.0001) in women; RR for DBP (10 mm Hg) was 1.03 (95% CIϭ1.02 to 1.04, PϽ0.0001) in men and 1.47 (95% CIϭ1.30 to 1.67, PϽ0.0001) in women. In the analysis, RR of development of ESRD was significant Patients with diabetes mellitus as a primary cause of ESRD were 61 men and 36 women among the 400 patients with ESRD. When excluding the patients with diabetic ESRD, there was a also a significant positive association between the risk of development of nondiabetic ESRD and SBP and DBP in men and women adjusted for age and BMI (Table 4) . There was also a significant positive association between the risk of development of diabetic ESRD and SBP in men and SBP and DBP in women adjusted for age and BMI.
Joint Effect of Systolic and Diastolic Pressure on Risk of ESRD
The joint effects of stratified SBP and DBP to RR of development of ESRD with age and BMI adjustment are shown in Figure 3 . The RR of development of ESRD was remarkably increased for men and women with hypertensive levels of both SBP and DBP.
Discussion
The major findings of this 17-year follow-up study are that hypertension was an independent risk factor for development of ESRD in a large screened cohort of 46 881 men and 51 878 women in Okinawa, Japan. Our results validate the usefulness of the JNC VI, 1999 WHO/ISH classification and JSH 2000 categories in predicting the incidence of ESRD in both men and women.
Hypertension is a strong risk factor for development of ESRD in men. 2, 3 We examined 107 192 screened subjects over 20 years of age for an 11-year period and determined that DBP was a significant risk factor for development of ESRD. 4 In the current study, we observed the cohort for 17 years and showed that both SBP and DBP were independent risk factors for ESRD. Furthermore, our results indicate that high-normal blood pressure and hypertension are independent risk factors for ESRD as compared with an optimal blood pressure not only in men but also in women.
Obesity has been reported as a risk factor of renal injury. [11] [12] [13] [14] On the other hand, BMI is increased with blood pressure. 4, 15 Therefore, there is the possibility that the asso- 
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ciation between BMI and ESRD was confounded with blood pressure. However, even after adjustment for blood pressure, the results of the present study suggest that BMI is a significant positive predictor of ESRD in men. Our previous study showed that no significant association was found between BMI and ESRD in men, but a negative association was observed in women. 16 The duration of the study is shorter than that of the present study (10 years versus 17 years). This may be a reason for the different result. However, the gender difference in the association between BMI and ESRD may exist. Precise analyses are currently undergoing. There were several limitations to our study. During follow-up, all of the new patients with ESRD were detected; however, information about subjects who died from any other causes was not available, and those subjects were not excluded from the logistic regression analysis in the current study. Therefore, we underestimated the risk of blood pressure as a predictor of ESRD in the logistic regression analysis. Blood pressure was measured on only one occasion, which also limited the strength of the association between the risk of development of ESRD and blood pressure. 3 Information about antihypertensive therapy was not collected in the cohort. In the 1997 screening done by OGHMA in which data about antihypertensive therapy were collected, 15 5% of persons who were 40 years or older were treated with antihypertensive medication. Treated patients could be categorized as being at a less severe stage of hypertension, and this would also weaken the estimated risk of blood pressure as a risk factor for development of ESRD.
Although preexisting renal disease may contribute to the elevation of blood pressure, whether renal disease was already present in our screened subjects was not assessed at baseline. However, dipstick proteinuria was examined in all subjects, and proteinuria was present in 5.6% of men and in 5.1% of women. Although the risk of development of ESRD based on SBP and DBP was reduced when adjusted for proteinuria in multiple logistic models, the significance of blood pressure was still remarkable. Both proteinuria and hypertension can be causes and effects of renal disease. Proteinuria at baseline was the stronger predictor of subsequent ESRD when both variables were considered together. These relations are very similar to previous observations. 17, 18 Evaluation of clinical proteinuria is important and could be an excellent marker of organ damage of the kidney.
Since 1991, diabetes mellitus has been increasing rapidly as the primary cause for new dialysis patients in Okinawa. 1 In the current study, 24% of ESRD cases were caused by diabetes mellitus. Even after excluding the diabetic patients with ESRD from all causes of ESRD, meaning that nondiabetic patients with ESRD were considered as an outcome in logistic analysis, the risks of development of ESRD according to SBP and DBP were still significant. SBP in men and SBP and DBP in women were also significant risk factors for development of diabetic ESRD. These results suggest that high blood pressure is an independent risk factor for the development of both nondiabetic and diabetic ESRD.
In the African American Study of Kidney Disease and Hypertension (AASK) trial, 19 the differences in the achieved BP level (128/78 mm Hg versus 141/85 mm Hg) did not make a difference in glomerular filtration rate slope (Ϫ2.21 mL/min per 1.73 m 2 versus Ϫ1.95 mL/min per 1.73 m 2 ) during 4 years. These data argue that the lowest blood pressure make not be any more protective of renal function decline than high normal or mildly elevated blood pressures. However, subjects and outcome in the AASK trial were different from the current study. Furthermore, duration of follow-up in the AASK trial was shorter than that in the current study (4 years versus 17 years). In one study, followed-up for 9.8 years, the time-averaged blood pressure was predictive of the change in serum creatinine concentration. 20 It needs a long observation to provide the statistical power to demonstrate an effect of blood pressure on the development of ESRD. 2 Relative risk (95% CI) of development of ESRD for blood pressure categories in men and women. Relative risks, with optimal blood pressure as the reference category, are adjusted for age and BMI.
Perspectives
The incidence of ESRD is increasing, and the social burden of ESRD is becoming greater. Slowing or stopping the progression to renal failure has gained an important public health priority. As a modifiable risk factor for ESRD, hypertension is a target that can be controlled. Prevention of hypertension should be emphasized as a primary way to prevent ESRD, which means that a controlled study analyzing the multiple risk factors for hypertension is needed. Furthermore, early detection of persons with hypertension and treatment with the antihypertensive therapy are essential as continuing strategies to prevent ESRD.
